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Introduction
T HE PREVALENCE OF renal lithiasis is increasing in young people [1] [2] [3] and in adults. 4 Because the incidence of renal stone formation is lower in children than in adults, renal lithiasis is less studied in children and its etiology is less well understood. Renal lithiasis in some children has been associated with systemic diseases, including familial hypercalciuria and hyperoxaluria. 5, 6 However, renal lithiasis is generally a multifactorial disease and, apart from supersaturation (a thermodynamic factor), less is known about the effects of other factors such as crystallization inhibitors and promoters, including substances such as heterogeneous nucleants, which qualify as kinetic factors. Low concentrations of the crystallization inhibitor citrate have been observed in the pediatric population, making the most prevalent urinary metabolic abnormalities in children hypercalciuria and hypocitraturia. [7] [8] [9] Phytate (myo-inositol hexaphosphate) is a naturally occurring compound present in significant quantities in legumes, nuts, and whole meals and is ingested in significant quantities by humans with diets rich in these foods. 10, 11 Phytate has been found to inhibit the crystallization of calcium oxalate and phosphate in urine 12 and to prevent the development of renal uroliths. 13, 14 Moreover, a study assessing the association between dietary factors and the risk of incident symptomatic kidney stones in 96,245 female participants found that a high intake of dietary phytate decreases the risk of kidney stone formation. 15 However, no study to date has evaluated urinary levels of phytate in the pediatric population. Therefore, this study was designed to assess the urinary levels of phytate in children and to correlate these levels with other urinary parameters related to crystallization risk and with general dietary habits.
Methods

Participants
Urine samples were collected during the summer or winter from 165 children, 87 boys and 78 girls, aged 5-12 years, living in Palma de Mallorca, Spain. Children with a chronic disease and those on medication were excluded. Written informed consent was obtained from the parents of each child, and the study was approved by the ethics committee of our community.
Urine Collection and Analysis
Two urine samples were collected from each participant: a spot sample in the afternoon 2 hours after light food intake and a 12-hour overnight sample beginning after collection of the spot sample and ending with the first morning urine in a fasting state. All urine samples were collected in chemically cleaned plastic bottles with thymol added as a preservative. The samples were transported to the laboratory and analyzed 3 to 4 hours after collection. All samples were subsequently frozen at 220 C. Urinary pH was measured with a glass electrode (Crison pH 25), and the major lithogenic biochemical parameters were assayed on a Modular Autoanalyzer (Roche Diagnostics, Indianapolis, IN). Urinary phosphorus was measured by the ammonium molybdate reduction method, magnesium by a colorimetric reaction with xylidyl blue, calcium by a colorimetric reaction with o-cresolphthalein, uric acid by the uricase method, and creatinine using a kinetic Jaffe method. All analyses were performed with reagents supplied by Roche. Urinary citrate was measured enzymatically (citrate lyase) using a test kit (Boehringer, Manheim, Germany). Urinary oxalate was determined enzymatically using the oxalate oxidase/ peroxidise method (LTA, Milano, Italy) and was measured only in the overnight samples.
Urine Phytate Analysis
Phytate was analyzed as described previously. 16 In brief, 10 mL of urine was mixed with 10 mL of 10 mM ethylenediaminetetraacetic acid, and the pH was adjusted to 6. The resulting solution was transferred to a 50-mL Corning tube and centrifuged at 3,000 rpm for 10 minutes. The supernatant was acidified with hydrochloric acid to pH 3 and quantitatively transferred to a 150-mL beaker containing 0.25 g AG1-X8 resin without previous conditioning. Each mixture was stirred for 15 minutes at 160 rpm with an orbital stirrer to facilitate absorption of phytate to the resin. The resin and urine were transferred to an empty 20-mL solid phase extraction tube with a frit, and the urine was passed through to separate it from the resin and discarded. The resin was washed with 100 mL of 50 mM hydrochloric acid and twice with 5 mL deionized water. During each wash, the mixture was manually stirred with a glass rod. Finally, phytate was eluted from the resin by 5 washes, each with 0.5 mL of 2 M sodium chloride, stirring at 180 rpm for 5 minutes and collecting each eluate. The eluates were pooled in a single tube, and the solution was vortexed before phytate quantification.
Colorimetric Detection
The reagents used for phytate quantification were prepared daily just before use. R1 was a mixture of 1.2 mL of 4 mM Al(NO 3 ) 3 $9H 2 O plus 8.8 mL 1.5 M acetic acid/acetate buffer (pH 5.2). R2 was a mixture of 1.2 mL 4 mM xylenol orange plus 8.8 mL H 2 O. Phytate standards in a concentration range of 2 to 12 mM were prepared daily in 2 M sodium chloride.
All assays were performed in 96-well plates. To each well was added 50 mL of R1 and 250 mL of sample, either an eluate or a phytate standard, followed 30 seconds later by the addition of 50 mL R2. The contents of each well were mixed and allowed to incubate for 45 minutes, and the absorbance of each well at a wavelength of 550 nm was measured using a microplate reader.
Dietary Assessment
Information on the main dietary habits of the study subjects was obtained by asking the parents of each child to fill out a dietary questionnaire. Nutritional information was processed by assessing the percentage of consumption of 3 main types of foods: those rich in animal protein, vegetables and legumes, and fruits and fruit juices.
Statistical Analysis
Because some variables were not normally distributed, medians and quartiles were reported. The hypothesis of equality was tested using Mann-Whitney U tests and Kruskal-Wallis tests for continuous variables and the c 2 test of independence to test for equality of proportions. All statistical analyses were performed using IBM Ò Statistics Ò SPSS 20.0.
Results
Phytate concentrations in spot samples and 12-hour samples are shown in Table 1 . Urinary phytate concentrations were similar in the 2 sets of samples and in both sexes. Phytate concentrations were slightly higher in winter than in summer, but these differences were not statistically significant. Urinary phytate concentration was also not associated with subject age (Fig. 1) .
The frequency of distribution of different phytate concentrations is shown in Figure 2 . Of the 165 children, 44 (27.5%) had very low phytate concentrations (,0.5 mM) whereas 31 (18.7%) had phytate concentrations above 1 mM, which can be considered normal. Table 2 summarizes the associations between common urinary lithogenic biochemical parameters and low and normal urinary phytate concentrations in spot and 12-hour urine samples. Citrate concentrations were 50% lower in children with very low than in those with normal urinary phytate concentration. Dietary assessment showed that children with low urinary phytate and citrate consumed higher amounts of foods rich in animal protein whereas children with high urinary citrate and phytate consumed higher amounts of vegetables, legumes, and fruits (Fig. 3) .
Discussion
The findings presented here indicate an association between low urinary phytate concentration and low consumption of phytate-rich foods, such as legumes and whole meals. The similarity of the phytate concentrations in spot and 12-hour urine samples was likely due to the low rates of phytate absorption during gastrointestinal passage-approximately 1% 17 -a finding also observed with biphosphonates. In addition, phytate concentrations did not differ by sex or age, probably because of similar dietary habits among the study subjects.
It is interesting to note that we found that 27.5% of included children had low urinary concentrations of phytate and citrate. Both substances are important urinary inhibitors of crystallization, 14, 18 suggesting that these children are at risk for crystallization. Other important lithogenic parameters, such as calcium, did not differ significantly among the study subjects. The concentration of urinary oxalate was correlated with that of urinary phytate, likely because of oxalate and phytate levels being linked to consumption of fruits and vegetables. However, the percentage increase in oxalate was lower than the increases in phytate and citrate, with all being within normal urinary oxalate concentrations.
Dietary assessment showed that low urinary citrate and phytate concentrations were associated with high levels of consumption of foods rich in animal protein (P , .05) and low levels of consumption of vegetables, legumes, and fruit. A diet high in animal protein is associated with low urinary pH, resulting in low citrate excretion, 19 whereas low legume consumption is associated with low urinary phytate concentrations because of a lack of dietary phytate. 15, 17 The differences observed between pH in 12-hour and spot samples (Table 2 ) are probably because of the lowering of blood pH at night as a consequence of a depression of breathing centers and inactivity of the voluntary muscles connected with respiration. These facts provoke an increase of the blood concentration of carbon dioxide, with the consequent increase of the blood pH.
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Although we used a semiquantitative approach to evaluate dietetic aspects of our subjects, the differences in food intake between the 2 groups of children may be of interest because they can differentiate groups with clearly distinct risks of urinary crystallization. Consumption of a diet high in fruits and vegetables, moderate in fat products, and low in salt and animal protein has been associated with a marked decrease in the risk of stone formation. 21, 22 We previously observed that the risk of urine crystallization was high, especially in children with a family history of the disease 23 and in patients with low urinary volume.
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Conclusion
An increased crystallization risk due to decreased urinary concentrations of citrate and phytate was observed in children who consumed high amounts of foods rich in animal protein and poor in vegetables, legumes, and fruits. Childhood consumption of diets rich in fruits, vegetables, and legumes but moderate in animal protein may be effective in reducing the later incidence of nephrolithiasis during adulthood.
Practical Application
To attain a decrease of the risk of renal lithiasis in children, it is convenient to modify some dietary habits, such as decreasing the excessive consumption of foods rich in animal protein and increasing the consumption of vegetables, legumes, and fruits. Figure 3 . Consumption rate of the 3 types of food studied in children with IP 6 # 0.5 mM and IP 6 $ 1 mM (*P , .05).
